APPARATUS FOR PLASMA TREATMENT OF GOLF BALLS 



FIELD OF THE INVENTION 

5 The invention relates to an improvement in the apparatus for treating the surface of 

golf balls with unpolymerizable gas plasma. More specifically, the improvement is a rotating 
tumbler. 

FIELD OF THE INVENTION 

10 

^ , Conventional golf balls can be divided into two general types or groups: solid balls 

Q and wound balls. The difference in play characteristics resulting from these different types 

Id of construction can be quite significant. 

s 1 Balls having a solid construction are generally most popular with the average 

P3 1 5 recreational golfer because they provide a very durable ball while also providing maximum 

Us 

J, distance. Solid balls are generally made with a single solid core, usually made of cross- 

ly;: Hnked rubber, which is encased by a cover material. Typically the solid core is made of 

fu polybutadiene which is chemically cross-linked with zinc diacrylic and^r similar cross- 

linking agents and is covered by a tough, cut-proof blended cover. The cover is generally a 
^ 20 material such as SURLYN® , which is a trademark for an ionomer resin produced by DuPont. 
Woxmd balls typically have either a solid rubber or liquid center core around which many 
yards of stretched elastic such as Balata or polyurethane are woimd. Wound balls are 
generally softer and provide more spm, which enables a skilled golfer to have control over 
the ball's flight and final position. 
25 Regardless of the form of the ball, players generally seek a golf ball that delivers the 

best combination as to maximum distance, spin and durability. Golf ball manufacturers are 
continually searching for new ways in which to provide golf balls that deliver the maximum 
performance for golfers at all skill levels. 

The outer cover of either type golf ball are formed with various materials that may 
30 be thermoplastic urethane elastomers, Balata, ionomers (which are metallic salts of 
copolymer of ethylene and an acid precursor), Surlyn® blends or any other appropriate 
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materials. The cover surfaces are formed with dimples of various numbers, sizes and 
patterns, which improve flight distance, control and stability. The outer surface of the ball 
covers usually have the manufacturers indicia disposed thereon as well as an application of a 
paint or clear lacquer for the purposes not only of good appearance but also of improving 
5 fight distance and protecting of the indicia imprinted thereon. 

The coatings are often subject to exfoliation due to strong impact with a golf club, 
which not only can mar the appearance of the ball, but can adversely affect the distance and 
stabihty of the ball flight. This exfohation can be reduced by improved adhesion techniques 
between golf ball cover surface and coating. 
10 In order to improve adhesive bonding between the outer surface of the cover and the 

applied coating, many methods have been tried and administered. One process is the flame 
U method. Used with golf balls this has presented a problem because of the heat generated, 

y,J which can scorch the ball or cause bums to the inner polymer materials. Sand blasting is 

I ^ another technique for roughing up the ball, but again, this can be xmsatisfactory in that 

II 15 precisely designed and formed dimples can be damaged. One method that has helped reduce 

product defects of the above nature involves treating the organic cover material of the golf 
r ball with glow discharge plasma of unpolymerizable inorganic gas to advantageously modify 

nj the surface of the cover. A coating is then appUed in an apparatus adapted to expose the all 

5;3 over surface of the ball to the plasma. The so-called glow plasma can be generated by 

20 applying high voltage to the gas at a low temperature of about 20°C. under a low pressure in 
the range of 100-200 mm Torr, more preferably 200 mm Torr. Such a method is described in 
U.S. Patent 4,613,403 issued to Oyachi et al. 

The glow discharge plasma method for treating golf balls requires the use of an 
apparatus that incorporates a rotating tumbler that simultaneously contains and moves a 
25 plurality of golf balls while they are being subjected to the glow discharge. 

A significant problem is inherent in the make-up of conventional tumblers. Tumblers 
must be rigid to withstand handling thousaads of golf balls per batch. They also should be 
designed to promote an even distribution of plasma discharge generated at about 13.56 MHz 
and 1200 Watts. They must allow a fast pump-down time for production efficiency. They 
30 must rotationally tumble golf balls without marking or marring them while constantly 

exposing the ball surfaces. A major problem with prior art tumblers is that the plurality of 
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holes in the surfaces of these tumblers are created by a shearing process which results in 
holes having sharp edges on each side of sheet. The size of the holes is also of great 
importance as holes that are too small may severely stall the evacuation process. And holes 
that are too large may allow the surface of the ball to become lodged therein, whereby the 
5 ball will not move freely and thereby not receive an even coat of plasma. The holes 

themselves are subject to the high intensity plasma and holes that are made by the shearing 
method may have sharp ridges. Hole geometry of this type makes it very difficult to apply 
the proper anodic protective coating, and in time the plasma will erode the unprotected hole 
and its edges causing pitting, nicks, and other irregularities. Golf balls contacting these 
1 0 problem areas will be subject to marking and other potential product defects. The present 

H invention describes an apparatus that dramatically reduces, if not totally eliminates, product 

fi 

S damage caused by these type of tumblers. 
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jf } 1 5 SUMMARY OF THE INVENTION 

The present invention is directed to an improved rotating tumbler for holding golf 
ifj balls during a treatment with glow discharge plasma of high intensity. The plasma is applied 

J;i under conditions of low pressure of about 100 to 200 mm Torr and high voltage (13.56 MHz 

20 with an output of about 1200 Watts). The improved apparatus utilizes a hole pattem that 
gives the tumbler improved stabihty. This hole design that will allow a protective hard 
anodic coating to be applied at the hole edges so that ball marking and defects will be 
minimized. And properly sized holes will allow for speedy evacuation and more stable 
tuning frequency. 

25 An embodiment of the invention is a tumbler utiUzing a cylinder of aluminum sheet 

metal having a pluraUty of individually machined holes in a staggered pattem, one end of the 
cylinder being enclosed with a generally circular sheet of aluminum that also includes a 
staggered hole pattem. The other end of the cyhnder remains open for the transportation of 
golf balls into and out of the tumbler. The pattem of holes is designed to generate stability 

30 during the tumbling operation. 
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The tumbler of the present invention is hard anodic coated for protection against the 
rigors of the plasma process. Each hole further having a radius machined about the outer 
ridges of the holes to facilitate the apphcation of the anodic coating at these locations and to 
remove any sharp edges that may mark or defect the golf balls. 
5 The present invention is also directed towards having the size of the holes of specific 

diameter. The diameters of the holes should be between 0.25 inches and 0.50 inches, and 
more preferably about 0.375 inches, with the radius at the hole edges about 0.09 inches. The 
holes should be large enough to allow for a quick evacuation with minimal resistance, but not 
so large that they will nestle with the ball thereby preventing an even coating of plasma to the 
10 ball surface. The number and allocation of holes shoxild be such that more than 50% of the 
tvimbler surface is open surface. The pattem of holes of the invention which is generally 
y 0.375 inch holes on a staggered line of 0.75 inches provides for about 57% of open surface 

yj area which produces an evacuation time of less than 60 seconds. 

1 ,1 The interior of the holes are also subject to the high intensity plasma and as such can 

!;! 15 possibly create an unstable process that requires frequent tuning of the radio frequency. The 

size and design of the holes of the present invention promotes a stable process with only 
Z infrequent tuning required. 

SS ! 

^ 20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a pictorial view showing a surface-treating plasma barrel reactor used in the 
present invention. 

FIG. 2 is an elevational sectional side view of FIG. 1 
25 FIG. 3 is an elevational sectional view of the casing of FIGS. 1 and 2 specifically 

detaihng the rod member. 

FIG. 4 is a p^ial longitudinal sectional view of the tumbler portion showing the hole 
pattem and arrangement. 

FIG. 5 is an elevational end view of FIG. 3, 
30 FIG. 6 is a cutout view of on of the holes in the tumbler. 

FIG. 7 is a schematic diagram of the surface-treating apparatus. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Referring to FIG. 1, there is shown a known plasma barrel reactor 10. FIG. 2 
illustrates a reactor 10 having a generally barrel-like, cylindrical casing 11 with a generic 
5 internal tmnbler 12 that is adapted to receive a plurality of articles, preferably golf balls 13. 
The reactor 10 is equipped with conventional means for supplying power, gases, etc., for 
which a schematic is shown in FIG. 6 and discussed in detail below. FIG. 3 shows tumbler 
12 including a plasma generation rod 17 and chamber 19 for holding golf balls (not shown). 
In the tumbler 12 golf balls are subjected to being surface-treated by a gas plasma process. 

1 0 This treatment is a necessary step in the preparation of the golf ball surface for an application 
that may comprise either a coat of paint or clear lacquer. Tumbler 12 is caused to rotate 
within the sealed casing 11 thereby constantly keeping golf balls in motion so that they may 
all receive an even distribution of plasma discharge upon their surfaces. 

FIG. 7 is a schematic layout of reactor 10 showing a plurality of ports for introducing 

1 5 and exhausting the working gases, and the location of golf balls 13 within the tumbler 12. 
Valve means 14 provides for in-letting of gases into and out of the casing 11, so as to 
maintain a desired volume of gas therein. A valve means 15 is arranged in a line to be led to 
a pump, not shown, for decreasing pressure in the casing 11. A vacuum gauge 16, tumbler 
12 for holding the golf balls 13 therein, a glow discharge plasma rod 17, and an electric 

20 source 18 make up the remaining working components of the apparatus. 

The method for treating golf balls 13 with glow discharge plasma is described in U.S. 
Patent 4,613,403, issued to Oyachi et al., which is incorporated in its entirety herein. The 
covers of the balls 13 are usually made of various materials that may be thermoplastic 
urethane elastomers, Balata, ionomers, Surlyn® blends or any appropriate materials. The 

25 outer cover surface of the balls 13 is usually coated with a paint or clear lacquer, not only for 
the purposes of improving flight distance and stability of ball flight, but also for good 
appearance. La order to improve the adhesive bonding between outer surface of the ball 
cover and the coating, the golf ball 13 is treated with unpolymerizable gas plasma prior to 
coating. The glow discharge plasma can be generated by applying high voltage from source 

30 18 to the gas provided from a gas source through valve 14 at a low temperature of about 
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20°C. and under a low pressure in the range of 100-200 mm Torr, more preferably 200 mm 
Torr. The unpolymerizable inorganic gas used herein is preferably oxygen. 

EXAMPLE 

5 

A plurality of balls 13 are held in the tumbler 12 and air is discharged by actuation of 
the pressure reduction valve 15, so as to make the pressure about .002 Torr. Then the 
inorganic gas is supplied into the casing 11 by actuating the valve 14 in order that the 
pressure is therein increased to be about 1 00 Torr, The tumbler 12 is rotated under a high 
10 frequency voltage from source 18 of about 10 to 15 MHz with an output in the range of about 
1^ 900 to 1500 Watts being appUed across electrodes. The electrodes consist of a plasma rod 

17, which is longitudinally centered in the middle of the tumbler, and the casing 11. Golf 
yj balls 13 are therein treated with inorganic gas plasma for a relatively short period of time 

I preferably between 6 to 1 0 minutes until every ball is coated with plasma discharge. 

m 15 

O 

The present invention, as shown in FIGS. 4 and 5, provides for an improvement in the 
pi apparatus for carrying out the above procedure. The tumbler 12 must be rigid, and allow for 

nj the balls 13 to roll free. However, it must also provide a chamber environment that prevents 

p marring or marking of the golf ball 1 3 . 

20 A standard perforated aluminum sheet 20 with a pattem of holes 21 is formed into a 

cylindrical basket. This pattem of holes 21 is preferably not created by means of a shearing 
process, which results in holes that contain sharp edges on each side of the sheet, but rather 
each hole 21 is individually machined. A pluraUty of ribs 27, longitudinally disposed, 
provide structural integrity to the tumbler 12 and for increased agitation of golf balls 13. The 
25 interior surface 22 and exterior surface 23 of the tumbler 12 are sandblasted and hand 

poHshed to remove any rough edges. The ribs 27 are perpendicular to the tumbler 12 and are 
about 0.5 to 2 inches in depth. Holes 21 each have a through open diameter (D) between 
about 0.25 inches to about 0.50 inches, preferably about 0.375 inches of throu^ opening. 
Holes 21 are positioned for maximum workable open area and as such holes 21 of 0.375 
30 inches diameter are machined on a staggered pattem (P) of about 0.75 inches. The pattem is 
selected so as to yield about 57% open surface area in tumbler 12, which allows for quick 
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evacuation (less than about 60 seconds) with minimal resistance. One embodiment of the 
invention has a tumbler capacity of 1200 golf balls 13 which requires improved tumbler 
design to insure that each ball 13 receives an even and adequate exposure of glow plasma 
discharge. The tumbler 12, as are holes 21, are subjected to high intensity plasma, and for 
5 protection the tumbler 12 is hard coat anodized with about 0.003 inches applied for abrasion 
resistance (per mil spec. MIL-A8625F Class III). The aluminum sheet 20 has a thickness (T) 
of about 0.250 inches to about 0.375 inches thick and, as previously stated, fabricated with a 
pattem of holes around the circumference and rear face 25 to the cylinder. The front face 26 
of the cylinder is open to allow for product transport to and from the tumbler 12. 

1 0 During the process in which the anodic protective coating is applied, the relatively 

roimded edges of the holes 21 assist in providing an even application of the coating and also 
an adequate thickness. When the plasma generator is activated, high intensity plasma is 
generated within each hole 21. The effect of the plasma within the hole 21 would cause 
eroding of aluminum metal which has not been adequately protected by a hard anodic 

15 coating. This could result in a bumt effect at the edge of the hole 21. The surface of the golf 
ball 13 making contact with the edges of the eroded holes edge causes substantial 
contamination and marking of the ball 13. Thus rounding of edges is important, preferably 
edges have a radius of between 0.06 inches and 0.12 inches and more preferably about 0.09 
inches. 

20 The size of the openings of the hole 21, in addition to their ftmction to provide quick 

evacuation time, is also important for maintaining a consistency in radio frequency tuning. 
The presence of high intensity plasma within the holes 21 can create an unstable process that 
necessitates frequent tuning. This situation is accentuated by the size of the hole. The 
smaller the hole the greater the instabihty and therefore more tuning. 

25 An embodiment of the invention provides protection against eroding of the hole 21 

edges by machining each hole, on interior and exterior surfaces, to a diameter of about 0.375 
inches with a radius (R) of about .09 inches as shown in FIG. 6. This inherently removes any 
sharp edges and presents an adequate surface area on the ridges of the holes 21 to allow a 
protective anodic coating to be apphed. The coating subsequently protects against erosion at 

30 the ridges of the holes 21 which is the principal reason for ball marking and other defects 
during the process. 
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The pattern of holes geometry is such that the holes are in a staggered arrangement 
and measure 0.75 inches apart from each other based on a measurement from the center of 
any one hole to the center of an adjacent hole. By the employment of this specific pattern of 
hole geometry to the tumbler 12, the present invention improves upon known tumblers and 
5 meets several objectives. First it provides an apparatus that will improve evacuation times. 
It then will reduce radio frequency tuning. Efficiently apply an even coat of glow plasma 
discharge. Next, reduce overall equipment maintenance. And finally, reduce, if not 
eliminate, product marking and defects. 

While it is apparent that the illustrative embodiments of the invention herein 
1 0 disclosed fulfill the objectives stated above, it will be appreciated that numerous 

modifications and other embodiments may be devised by those skilled in the art. Therefore, 
it will be understood that the appended claims are intended to cover all such modifications 
and embodiments which come within the spirit and scope of the present invention. 

15 



20 



25 



30 



8 



